INTRODUCTION
The unexpected emergence of swine-origin novel influenza A (H1N1) virus in the early spring of 2009 spread rapidly across North America and to the rest of the world, followed by a second wave in the fall. It is estimated that there were 39-80 million cases, 173,000-362,000 hospitalizations and 7,880-16,460 deaths in the United States (U.S.) alone as of mid-December 2009 and approximately 300,000 deaths worldwide. [1] [2] [3] Due to the acute and occasionally severe nature of influenza viral infections, emergency departments (EDs) often serve as the frontline for infected patients, especially among children and the elderly. 4 Based on a nationally representative survey study, an estimated 0.3% or 312,000 of all-aged ED visits received a diagnosis of influenza annually from 2002 to 2006 . 5 Approximately 40% of visits had antiviral prescriptions provided during their ED visits. During the influenza seasons, the ED may become filled with influenzalike illness (ILI) patients, making it a high-risk medical venue for nosocomial transmission of influenza. 6, 7 The Centers for Disease Control and Prevention (CDC) held the first press briefing to inform the media and guide the public and healthcare response to the novel H1N1 influenza virus on April 23, 2009 after the novel virus was first detected and confirmed by the CDC 8 days prior. This was followed by multiple additional cases identified in several states, as well as in Mexico over the next few days. 8 In response to the emergence of novel H1N1 influenza, both the American College of Emergency Physicians (ACEP) 9, 10 and the CDC [11] [12] [13] [14] [15] [16] prepared and distributed guidelines and recommendations for clinicians addressing diagnostic testing and antiviral treatment for clinical providers in ED settings for patients with suspected or confirmed influenza in early May 2009 (Table 1 ; Figure) . 8, 10 Most key elements from the 2 organizations were similar.
Little is known regarding compliance with management guidelines for epidemic influenza in adult ED settings during the novel H1N1 epidemic, especially in relation to current ACEP and CDC guidance. Understanding patterns of clinical presentation provides baseline data for future pandemic preparedness efforts, while adherence to current clinical management recommendations for patients with a clinical diagnosis of influenza in the ED helps address potential 
METHODS
We conducted an analysis of all patient visits to an innercity tertiary academic adult ED that had an annual census of approximately 60,000 visits from May 1, 2008 (Figure) . More frequent and intensive trainings and interventions were carried out during the dramatic surge of the second wave of H1N1 pandemic in late September 2009. The plans were disseminated to all ED providers via broadcast emails, internal websites and town hall meetings, and were revised according to changing CDC guidance, necessitated by the changing understanding of the pandemic itself. This study protocol was approved by institutional review board of The John Hopkins University School of Medicine.
Data were captured and queried from an ED electronic patient record system, including demographics (age, gender, and race), ED presentation (chief complaint, acuity level of triage severity 18 , onset of illness), ED management (chest radiograph, influenza testing, nasopharyngeal specimen collection, nebulized medication, intubation, antibiotic prescription, type of antibiotic prescribed, antiviral prescription, duration of ED visit, and disposition) and final ED diagnosis. Additional laboratory influenza virus typing data and clinical data regarding co-morbid conditions were chart-reviewed and abstracted from the electronic patient record system, specifically including chronic pulmonary, cardiovascular (except hypertension), renal, hepatic, hematological, neurologic, neuromuscular, metabolic disorders, immunosuppression status (medication, human immunodefiency virus [HIV]), pregnancy, and residence in nursing homes or chronic-care facilities. Following appropriate training for this project, chart review and data abstraction was performed by one co-author (K-F C) who is an emergency medicine attending physician.
"Patients with a clinical diagnosis of influenza" in (Figure) . CDC recommendations on diagnostic testing and antiviral treatment for admitted and high-risk group patients during pre-H1N1 seasonal influenza were highly similar to those during novel H1N1 pandemic. Direct immunofluorescence assays (DFA, D3 ultra DFA respiratory virus ID kit, Diagnostic Hybrids, Athens, Ohio, U.S.), which had a sensitivity of 93% for the detection of 2009 novel H1N1 virus, 19 and/or culture (shell vial & conventional) were the main diagnostic tests used for influenza by the clinical virology laboratory during the study period as the virology director removed the rapid influenza test (Binax) from use on April 28, 2009 due to poor sensitivity, as low as 11%. 20 Any specimen that was H1N1 positive during the H1N1 period was sent to the state laboratory for confirmation of novel H1N1 virus by reverse transcription polymerase chain reaction.
During the H1N1 period, high risk groups for diagnostic testing and antiviral prescription were defined according to CDC guidance for antiviral prescription (Table 1) . Basic adherence to key elements of ACEP or CDC 2009 H1N1 guidance was operationally defined as (1) the proportion of admitted patients who were supposed to be tested or treated who actually were tested for influenza or treated with antivirals; and (2) the proportion of high-risk patients who were supposed to be treated who actually were treated with antivirals.
We performed descriptive analysis, followed by chisquare test and Fisher's exact test for categorical data or Wilcoxon rank sum test for continuous data to compare patterns of presentation and care between pre-H1N1 and H1N1 groups and ED management between high risk and non-high risk groups. All statistical analyses were performed by using SAS version 9.1 (SAS Institute Inc., Cary, North Carolina).
RESULTS
During the 20-month study period, there were 103,417 patient visits encountered in this inner-city academic adult ED, Center for Disease Control and Prevention (CDC) uses age ≥ 65 years as one of criteria for high risk groups for recommended diagnostic testing and antiviral prescription. and of these, 45,881 (44%) visits were during H1N1 period. Overall, 339 patient visits from 331 patients were clinically diagnosed with influenza. Of these, 300 (88%) occurred during the H1N1 outbreak ( Figure) , an approximately 10-fold increase in the proportion of clinically diagnosed influenza cases (65.0 per 10,000 visits versus 6.8 per 10,000 visits). All 8 influenza repeated visits occurred during the outbreak. Three repeated visits had < 7-day interval after the initial visit.
Comparing the pre-H1N1 and H1N1 group there were no differences in patients' demographics or proportions of high-risk groups as designated by ACEP and CDC (Table 2 ). More patients in the H1N1 group reported "flu" as their chief complaint, versus those in pre-H1N1 group (P < 0.05), but there were no statistical differences between the 2 groups in other common chief complaints for influenza patients. Patients in the H1N1 group had a higher triage acuity, i.e. level 1-3, which reflected higher severity of disease (P < 0.05). In both groups, approximately 10% of those who received chest radiograph had confirmed pneumonia (12.1% versus 10.3%, P = 0.787). Similar proportions of patients in both groups had nasopharyngeal specimens collected for flu tests. Overall, among 110 patients who received a test, 55 (50%) were positive for influenza with 8 detected by the rapid influenza test. The majority (70%) of positives in the pre-H1N1 group (n = 10) were influenza A followed by 30% with influenza B, while all of the positives in the H1N1 group (n = 45) were influenza A, with one third (33.3%) of these confirmed as novel H1N1.
Regarding antibiotic prescription in the ED for these clinically diagnosed influenza patients, we found that 28% of patients in the pre-H1N1 group and 16% of patients in the H1N1 group were prescribed antibiotics during their ED visits (P > 0.05). Further analysis by influenza test results identified that 70% (7/10) patients who tested positive received antibiotics in the pre-H1N1 group, which was statistically significantly higher than the 22% (11/50) who tested positive in the H1N1 group (P < 0.05) ( Table 2 ). During the H1N1 pandemic, a significantly higher proportion of patients who tested negative for influenza received an antibiotic prescription than those who did not have the test or whose results were not available (26.0% versus 12.5% P < 0.05) ( Table 2) . Azithromycin (n = 35) was the leading antibiotic prescribed to patients with a clinical diagnosis of influenza, followed by moxifloxacin (n = 15). Noticeably, 19 (56%) of 34 admitted patients during the 2009 novel H1N1 epidemic, including 6 influenza tested positive patients, received antibiotic treatment during their ED stay for community-acquired pneumonia. The list of antibiotics prescribed in ED for these 19 patients is summarized in Table 3 . For those 6 patients who were tested positive for influenza and received antibiotic treatment, none had a pulmonary infiltrate on their chest radiograph; 3 received antivirals and 3 did not (all 3 having > 48 hours onset of illness); 1 with asthma had a final discharge diagnosis of pneumonia, 2 were HIV-infected, 2 had asthma and 1 did not have any high risk underlying illness on the chart.
Treatment rates with antivirals were similar at 39%, with oseltamivir given in 93% of those receiving antivirals during pre-H1N1 and 100% during H1N1 period. For 153 patients with onset of illness < 48 hours, 42% of them received antivirals, which had no statistical difference as compared to those 186 patients without (37%, P > 0.05). Median length of visit (pre-H1N1: 385 min, H1N1: 355 min) and admission rates (pre-H1N1: 8%, H1N1: 11%) were similar between the 2 groups. There was one patient deceased during hospitalization in each phase. The overall mortality rate was not statistically different (pre-H1N1: 2.6% versus H1N1: 0.3%, P = 0.231).
Regarding ED provider's adherence to CDC/ACEP guidance in influenza diagnostic testing and antiviral treatment during H1N1 pandemic, we found that 88% of admitted patients received a testing order, 49% of high-risk group patients were prescribed with antivirals, and 65% of admitted patients were prescribed with antivirals (Table 4) . No significant uniform trends in adherence were observed during the study period. If only focusing on admitted patients, 67% were ordered for influenza testing during pre-H1N1, 100% during H1N1 wave 1, and 87% during wave 2. The proportion of high risk group patients who were prescribed antiviral treatment during their ED stay gradually increased from 30% during pre-H1N1 to 39% during H1N1 wave 1, and further increased to 51% during wave 2 (Cochran-Armitage trend test, P = 0.059). Among admitted patients, 67% were prescribed with antivirals during pre-H1N1, none of 4 patients during H1N1 wave 1, but significantly increased back to 73% during wave 2 (P < 0.05).
DISCUSSION
To our knowledge, there are few studies to date examining ED care and management for adult patients with a discharge diagnosis of influenza before and during the H1N1 epidemic, as well as rates of ED provider adherence with the 2009 ACEP and CDC guidance (for patients with suspected H1N1). Although the demographic profiles of patients pre and during the H1N1 were similar, our results reveal that significantly different patterns of clinical presentation (including chief complaint and level of acuity) emerged during the H1N1 epidemic. Published studies, which included adult ED encounters, demonstrated some differences in symptom patterns when comparing patients of pandemic novel H1N1 and seasonal influenza. 21, 22 Tang et al 21 reported a lower incidence of fever and dyspnea in early H1N1 pandemic in Singapore, while Shiley et al 22 documented cough and myalgias were more common in patients with a diagnosis of pandemic H1N1 at 2 medical centers in Philadelphia. Our findings that rates of hospital admission did not differ between the pre H1N1 and post H1N1 groups is consistent with U.S. CDC surveillance data, which do not show an increase in pneumonia and influenza mortality after the emergence of H1N1.
21
Although the recommendations of both ACEP and CDC with regard to diagnostic test ordering practices and antiviral prescriptions decisions are only suggestions to begin with, further exploration of ED management found that practices in this ED were in "very good" or "excellent" accordance in diagnostic testing but in "suboptimal" accordance in antiviral prescription with the 2009 ACEP and CDC recommendation. This finding suggests that ED practice yielded from "suboptimal" to "excellent" adherence to recommended care for high-risk patients in ordering diagnostic tests and antiviral prescriptions, even though the practice ultimately is at the discretion of the provider, but influenced by a combination of individual patient features and institutional and national guidance. The adherence in antiviral treatment was much better in more severe subgroup patients, i.e. admitted patients, during wave 2 of the H1N1 pandemic. This is partly supported by the finding from our subgroup analysis that only triage acuity and chief complaint were associated with a provider's order for influenza diagnostic testing or antiviral treatment in high-risk group patients (data not shown). Coupled with our previous finding, which showed a 97% adherence with CDC interim guidelines for antiviral prescription from nationally representative survey data, 5 this study suggests that ED clinicians are potentially appropriately responsive and could be adherent with national guidance for influenza, which will be critical for coping with future influenza pandemics. On the other hand, approximately less than 50% of high-risk patients were prescribed antivirals during their ED visits, indicating that there remains room for improvement with regard to adherence to recommended management strategies among ED clinicians. This is imperative since delays in testing and treatment can quickly lead to increases in preventable deaths due to influenza. 23, 24 Further studies are required to develop approaches to improve adherence for future, potentially more virulent pandemics, e.g. direct electronic reminders to providers as suggested by May et al.
25
Antibiotic overuse for ED patients with acute respiratory infections is still substantial in the Unites States, even though there has been a downward trend in the recent years. [26] [27] [28] [29] According to previous work in clinically diagnosed influenza patients by Linder et al 30 , antibiotics were inappropriately prescribed to an overall 26% of ambulatory clinics and ED influenza visits (approximately 15% for ED). Our study found that 28% of patients in the pre-H1N1 group, 16% in the H1N1 group, and more than half of admitted patients with ED clinical diagnosis of influenza received antibiotics in the ED. The decreased antibiotic prescription rate seen during the H1N1 outbreak despite an increased patient acuity could represent increased provider confidence in the diagnosis of influenza or increased awareness of antibiotic overuse. Nevertheless, our findings imply that there is additional work needed for reducing potential antibiotic overuse in the ED.
LIMITATIONS
There are some limitations to this study. First, ED clinical diagnosis of influenza could be subjective and is without specific standard criteria. It is possible that some true influenza cases may have been missed during the pre-H1N1 mild influenza season and diagnosed as a viral syndrome, while some "clinically diagnosed" cases of pandemic H1N1 influenza during the more severe influenza season could have been respiratory illnesses from other causes. It is likely that heightened awareness of influenza during a pandemic increased the proportion of patients with ILI receiving a diagnosis of "influenza" rather than "viral illness," or other nonspecific diagnoses. In addition, we do not have evidence that subgroups of clinical diagnosed influenza patients without laboratory-confirmed infection between 2 periods are similar. However, it is more appropriate to use clinically diagnosed influenza patients as our study subjects rather than more "loose" defined ILI patients in terms of understanding of ED provider's adherence to ACEP and CDC guidance especially in regard to antiviral prescription variables. Second, our findings from this academic inner-city ED were specific to our ED and may not be generalizable to other EDs in U.S. For example, our clinically diagnosed influenza patients were much younger than those in the National Hospital Ambulatory Medical Care Survey in seasonal influenza seasons (median age: 33.6 years versus 41.5 years). 5 However, our data reflect the general trend that young adults and adults are the main population attacked by the 2009 H1N1 pandemic. 1 Finally, we did not account for the lag time between ACEP, CDC, institutional/departmental guidance and provider's practice in our analysis. However, we expect that lag time should be minimal in future influenza pandemics, and that providers must be able to rapidly respond to up-to-date recommendations.
CONCLUSION
In summary, ED management with regard to diagnostic testing and antiviral prescription for admitted patients or those designated as high risk groups by ACEP and CDC ranged from "suboptimal" to "very good" or "excellent" in regard to current guidance during the pandemic. However, only 49% were treated with antivirals during their ED visits, indicating a specific call for closer adherence to guidelines in future influenza pandemics. Despite a decrease in antibiotic prescription rates during the H1N1 period, continued antimicrobial stewardship is required.
